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Outdoor recreation is increasing in popularity throughout the United States (Flather and Cordell 
1995). Heretofore, many believed that nonconsumptive outdoor recreation was an 
environmentally benign activity. Increasing evidence, however, indicates that these activities are, 
in fact, not benign. On the contrary, data suggest that outdoor recreation can affect wildlife 
individuals, populations, and communities (Knight and Cole 1995). For example, a recent survey 
of factors responsible for the decline of federally listed threatened and endangered species finds 
that outdoor recreation is the second leading cause (Losos et al. 1995).
Recreational Impacts and Wildlife Responses
Outdoor recreation has the potential to affect wildlife at the level of the: individual, population, 
and community. There are four primary ways by which outdoor recreational activities can impact 
wildlife. 1) harvest, 2) habitat modification, 3) pollution, and 4) disturbance (Knight and Cole 
1995). Although all of these deserve consideration and are extremely important, for the purposes 
of this summary, attention will be focused on disturbance, considering that this form of impact is 
wide spread and difficult to manage in wildland settings. Disturbance can be intentional (i.e., 
harassment) or unintentional, of which, the latter is most likely the primary means by which 
nonconsumptive recreational activities impact wildlife. Unintentional disturbance can take place 
in a variety of forms, such as hiking, mountain biking, bird watching, and wildlife photography
Responses of Wildlife to Outdoor Recreation 
Immediate response'.
The most extreme response of wildlife to disturbance is death. Although this is the intended result 
of consumptive activities (i.e., hunting), nonconsumptive activities can also result in the death of 
animals. For example, small mammals inhabiting the subnivean space between snow and ground 
can be crushed by snowmobiles (Schmid 1972). Additionally, numerous piping plover chicks 
were found dead in tire tracks on eastern beaches (Melvin et al. 1994). Other types of immediate
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responses are changes in behavior, such as a flight or flush response, nest abandonment, and 
elevated heart rates.
Long-term effects on individuals:
Although much of our understanding of recreational disturbance is limited to the immediate 
behavioral responses of individuals, long-term effects can result. Wildlife may abandon preferred 
nesting or feeding areas for less suitable, undisturbed sites. For example, Thornburg (1973) noted 
that when food-rich areas were disturbed, ducks redistributed to less productive areas to avoid 
human activity. Cottam (1939), Cronan (1957), Dennis and Chandler (1974), and Hohman and 
Rave (1990) also noted an alteration in use of feeding areas by diving ducks due to human 
disturbance. Displacement into new environments can lead to a number of further behavioral 
changes such as altered feeding ecology, which could lead to a reduction in energy acquisition, 
and ultimately affect its survival. Altered movement and home range patterns can also result from 
disturbance. For example, mule deer shifted feeding into darkness and left their home ranges 
more frequently (Yarmoloy et al. 1988).
Numerous studies have documented a decrease in productivity due to recreational disturbance 
For example, mule deer experimentally harassed by all-terrain vehicles produced fewer off-spring 
the following year (Yarmoloy 1988). Miller et al. (1998) found that nesting success of grassland 
and forest birds was reduced in close proximity to heavily used recreational trails.
Long-term effects on populations:
Our knowledge of how outdoor recreational activities affect populations is rudimentary We can 
only speculate that increased mortality, reduced productivity, and displacement of individuals (all 
documented, at least anecdotally) will result in decreased populations. Some information, 
however, does exist. For example, areas receiving moderate levels of all-terrain vehicle use had 
50% fewer species of songbirds and 24% fewer breeding pairs compared to control areas (Bury et 
al. 1977). The heavily used areas had no breeding pairs. Flemming et al. (1988) found that the 
number of breeding pairs of piping plovers decreased by about 25% in areas frequented by
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pedestrians and off-road vehicles. Documenting long-term effects on populations has been 
problematic because of the difficulty in establishing a cause-and-effect relationship.
Long-term effects on communities:
There is a lack of information in the literature documenting long-term effects on wildlife 
communities. Because there is interspecific variation in wildlife response to disturbance, we could 
anticipate that changes in species diversity would result. Those species with higher levels of 
tolerance to disturbance would be expected to be more prevalent in areas where disturbance 
occurs while species less able to tolerate disturbance would be absent or occur in lower numbers 
A simplification in bird communities was found near recreational trails along the Front Range of 
Colorado (Miller et al. 1998). American robins, a human commensal, were more numerous near 
recreational trails while other species, such as western-wood pewees, Townsend’s solitaires, 
solitary vireos, etc., were less numerous. Skagen et al. (1991) documented a decrease in species 
diversity of an avian scavenging-guild due to human disturbance.
Factors That Influence Wildlife Responses
Type o f activity :
Different activities may elicit different responses. As one might expect, wildlife may respond 
differently to a loud, fast moving motorcycle than to a quiet, slow moving pedestrian. Although 
we lack sufficient knowledge regarding responses to different types of activities, some information 
does exist. For example, white-tailed deer allowed closer approaches by a vehicle than to a 
pedestrian (Kucera 1976). Five of 6 species of raptors showed greater response to pedestrians 
than vehicles (Holmes et al. 1993).
Recreationist's behavior:
The behavior of recreationists can influence wildlife response. For example, Klein (1993) 
reported that of all visitors to a National Wildlife Refuge, photographers were most likely to 
disturb waterbirds because of their tendency to closely approach the birds. She also found that 
visitors who spoke to refuge personnel early in their visit were significantly less likely to disturb
3
waterbirds than those who did not. Fast moving snowmobiles appeared to be more disturbing to 
white-tailed deer those moving at slower speeds (Richens and Lavigne 1978). Furthermore, when 
snowmobilers stopped to view the deer, the deer invariably flushed.
Timing:
Although an animal’s inclusive fitness can be affected any time of year, recreational disturbance 
may elicit different responses depending on the season. Disturbance during the breeding season 
may affect an individual’s productivity while disturbance during other times of the year may alter 
habitat use or foraging patterns and, thus, its survival. During the breeding season, nesting 
success was lower near recreational trails, where human activity was common, than at greater 
distances from trails (Miller et al. 1998). Even within the breeding season, the severity of impacts 
can depend on when during the breeding phenology the disturbance occurs. For example, 
disturbance during the middle of the incubation period was most severe for nesting ospreys 
(Swenson 1979). Additionally, some species may be more sensitive to disturbance during certain 
times of the year. Disturbance during winter when animals are energetically stressed may be more 
severe than during summer when food is, presumably, more abundant.
Location:
Responses of wildlife can be influenced by the spatial context in which disturbance occurs. For 
example, when vegetative cover was abundant white-tailed deer did not flee from nearby 
snowmobile traffic, however, in open areas deer readily fled the vicinity (Richens and Lavigne 
1978). Pedestrians approaching from over a over a ridge above big horn sheep elicited a greater 
response than did pedestrians approaching from below (Hicks and Elder 1979, Mac Arthur et al 
1982). Wildlife responses can differ whether activities occur on or off recreational trails.
Marmots (Mainini 1993), western meadowlarks, vesper sparrows, American robins, and mule 
deer (Miller et al. In Review) showed greater reactions when pedestrian use occurred off-trail.
Frequency:
The number of disturbance events that occur during a given time period can influence the level of
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response. For example, in Denmark the disturbance distance of roads on pink-footed geese 
increased with increasing traffic volume (Madsen 1985). Reproductive success of a variety of 
avian species has been shown of to decrease due to frequent visits to the nests (see Gotmark 
1992). Densities for 8 of 13 breeding bird species were negatively associated with the intensity of 
recreational activity by park visitors in the Netherlands (van der Zande et al. 1984). In another 
study, abundance of 11 of 12 species were lower in areas where recreation intensity was high than 
in areas with fewer visitors (van der Zande and Vos 1984). Home-range size and daily movement 
of white-tailed deer increased with increasing snowmobile activity in Minnesota (Dorrance et al 
1975).
Predictability:
When disturbance is perceived by wildlife to be expected, either in time or space, responses may 
be minimal. For example, although western meadowlarks, vesper sparrows, American robins, and 
mule deer still exhibited a flush or flight response to pedestrians on recreational trails, a greater 
response occurred when the same activity took place off-trail (Miller et al. In Review). In this 
study, it was concluded that wildlife have habituated to on-trail activities because they are 
predictable spatially, whereas off-trail activities are spatially random and, thus more disturbing 
Bighorn sheep in the Sheep River Wildlife Sanctuary, Alberta exhibited minimal response to road 
traffic which was routine, and thus predictable (MacArthur et al. 1982) In areas were human 
activity was common, birds tolerated closer approaches than in areas receiving less activity 
(Cooke 1980, Burger and Gochfeld 1991).
Origin of Wildlife Responses to Recreational Activities
It has been shown that there can be a tremendous amount of both intra- and inter-specific 
variation in wildlife response to recreational activities. For example, peregrine falcons in New 
Mexico showed large (22-fold) differences in flush distance when exposed to similar stimuli 
(Johnson 1988). Numerous studies have reported that different avian species exhibit varying 
levels of response when exposed to the same recreational activity (Cooke 1980, Burger and 
Gochfeld 1991, Holmes et al. 1993, Klein 1993, Miller et al. In Review). Additionally, vehicular
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traffic in Denali National Park elicited greater responses by moose than by caribou (Singer and 
Beattie 1986). Both learned and innate components influence the degree of intra- and inter­
specific variation in wildlife response.
Learned responses:
The learned component of wildlife response is influenced by the number and outcome of 
interactions between individuals and stimuli over the individual’s lifetime (Poole 1981, Buitron 
1983, Knight and Temple 1986). There are three categories of learned responses wildlife may 
exhibit to recreationists: 1) avoidance, 2) attraction, and 3) habituation. Interactions between 
recreationists and wildlife individuals resulting in a negative experience, such as pain, could 
produce avoidance behavior, while a positive experience, such as feeding wildlife, could result in 
attraction behavior. Interactions involving neither a negative or positive experience could result 
in wildlife habituating to recreationists.
Avoidance:
When humans are perceived as a threat, wildlife will tend to avoid humans or habitats where 
human activity is common. For example, in areas of where common ravens, American crows, and 
black-billed magpies were persecuted they exhibited strong avoidance behavior and decreased 
nest defense than individuals in areas without persecution (Knight 1984, Knight et al. 1987, 
Kenney and Knight 1992). Many species, even though not actively persecuted, will avoid areas 
where human activity is common. For example, grassland nesting songbirds were less likely to 
establish nest sites in close proximity to recreational trails where nature viewing, hiking, and 
jogging were the primary activities taking place (Miller et al. 1998).
A t traction:
Attraction is defined as the strengthening of an individual’s behavior because of rewards or 
reinforcement (Knight and Temple 1995). The most common example of attraction behavior is 
wildlife such as squirrels, chipmonks, or gray jays gathering at campsites or picnic areas 
anticipating a food reward. In some cases attraction behavior can result in potentially dangerous
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interactions between humans and wildlife. For example, in Great Smoky Mountains National 
Park, 33% of interactions between bears and park visitors resulting in injury occurred while 
people were feeding or petting bears (Singer and Bratton 1980). In extreme cases, ecosystem 
function may be altered due to attraction behavior. For example, in Rocky Mountain National 
Park, Clark’s nutcrackers are attracted to scenic turnouts where they are fed by park visitors 
Because this species plays a key role in the dispersal of limber pine seeds, it is hypothesized that if 
park visitor activities discourage normal foraging behavior, a decline in afforestation rates of 
limber pine may result (Tomback and Taylor 1986). Although the best examples of attraction 
behavior involve some sort of food reward, other situations will also cause wildlife to be attracted 
to humans. For example, red fox track counts revealed an attraction to snowmobile trails, 
presumably because the packed trails allowed for easier movement (Neumann and Merriam 1972)
Habituation:
Habituation is defined as a waning of response to a repeated stimulus which results in neither a 
positive or negative interaction (Eibl-Eibesfeldt 1970). Numerous studies have documented, at 
least anecdotally, that wildlife can habituate to recreational activities if they are predictable and 
perceived as non-threatening. Bighorn sheep appeared to habituate to predictable vehicular 
traffic, which they have learned is not a threat (MacArthur et al. 1982). Miller et al. {In Review) 
found that wildlife responded less to activities occurring on-trail than to the same activity off-trail 
Presumably because on-trail activities are spatially predictable and off-trail activities are spatially 
random and, therefore, unpredictable.
Genetic responses:
Although it is accepted that animals are genetically predisposed to certain behaviors which can be 
stimulated by environmental factors (Hailman 1967), few studies have documented the innate 
component in wildlife response to recreational activities. Newton (1979) hypothesized that 
intraspecific variation in nest-defense behavior was influenced by historic levels of persecution 
(through the elimination of aggressive individuals). Knight et al. (1989) found a negative 
correlation between the number of years since European settlement (assumed to be positively
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correlated with the duration of persecution) and the aggressive behavior of red-tailed hawks to 
humans, with the most aggressive birds occurring in the areas of most recent Anglo settlement. 
The alarm response exhibited by chamois to airplanes is believed to be due to their innate fear of 
golden eagles (Hamr 1988).
Case Studies
I will present two case studies which illustrate many of the topics discussed above. The first 
involved investigating the influence of recreational trails on breeding bird communities along the 
Front Range of Colorado. The second involved investigating wildlife responses to pedestrians 
and dogs, both on- and off-trail.
Influence o f recreational trails on breeding bird communities:
We investigated the influence of recreational trails on breeding bird communities in forest and 
mixed-grass prairie ecosystems in Boulder County, CO during 1994 and 1995. Species 
composition, nest predation, and brood parasitism by brown-headed cowbirds was examined near 
and away from existing recreational trails. Bird species composition was altered due to the 
presence of trails in both ecosystems. Generalist species were more abundant near trails whereas 
specialist species were less common. Within the grassland ecosystem, birds were less likely to 
nest near trails. Within both ecosystems, nest success was reduced alongside trails. In forests, 
rate of brood parasitism was not influenced by trails. No brood parasitism was found in the 
grassland ecosystem. Our results may be useful to natural-lands managers faced with 
implementing management policies regarding the spatial arrangement of trails and trail-use 
restrictions.
Wildlife responses to pedestrians and dogs:
We measured the responses of two grassland passerines, one forest passerine, and mule deer 
exposed to a pedestrian, a pedestrian accompanied by a dog-on-leash, and a dog alone, both on- 
and off-trail. Responses measured were flush response (whether the animal flushed or not), flush 
distance (distance between treatment and animal when flushed), distance of flush (distance animal
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moved after flushing), and the perpendicular distance between the animal and the trail (on-trail 
treatments) or our line-of-movement (off-trail treatments). All wildlife species in our study 
exhibited greater responses when the treatment occurred off-trail than when on-trail. In the 
grasslands, the dog alone treatment elicited the least response by vesper sparrows and western 
meadowlarks, whereas pedestrian alone and dog-on-leash treatments elicited greater responses 
In the forest, American robins responded similarly to pedestrian alone and dog-on-leash 
treatments. Mule deer exhibited the greatest response when a pedestrian was accompanied by a 
dog. Our results have implications for the design and implementation of management policies, 
such as using spatial and behavioral restrictions, to promote the coexistence of wildlife and 
recreationists.
Literature Cited
Buitron, D. 1983. Variability in the response of black-billed magpies to natural predators. 
Behaviour 78:209-236.
Burger, J., and M. Gochfeld. 1991. Human distance and birds: tolerance and response distances 
of resident and migrant species in India. Environmental Conservation 18:158-165
Bury, R. B., R. A. Luckenbach, and S. D. Busack. 1977. Effects of off-road vehicles on
vertebrates in the California Desert. U. S. Fish and Wildlife Service, Wildlife Research 
Report No. 8:1-23.
Cooke, A. S. 1980. Observations on how close certain passerine species will tolerate an 
approaching human in rural and suburban areas. Biological Conservation 18:85-88.
Cottam, C. 1939. Food habits of North American diving ducks. United States Department of 
Agriculture Technical Bulletin No. 643. 140pp.
Cronan, J. M., Jr. 1957. Food and feeding habits of scaups in Connecticut waters. Auk 74 :459- 
468.
Dennis, D. G. and R E. Chandler. 1974. Waterfowl use of the Ontario shorelines of the southern 
Great Lakes during migration. Canadian Wildlife Service Report Series No. 29.
Dorrance, M. J., P. J. Savage, and D. E. Huff. 1975. Effects of snowmobiles on white-tailed 
deer. Journal of Wildlife Management 39:563-569.
9
Eibl-Eibesfeldt, I. 1970. Ethology: The Biology of Behavior. New York: Holt, Rinehart, and 
Winston. 530 pp.
Flather, C. H., and H. K. Cordell. 1995. Outdoor recreation: historical and anticipated trends 
Pages 3-16 in Wildlife and recreationists: coexistence through research and management. 
R. L. Knight and K. J. Gutzwiller, eds. Island Press, Covelo, California.
Flemming, S. P., R. d. Chaisson, P. C. Smith, P. J. Austin-Smith, and R. P. Bancroft. 1988
Piping plover status in Nova Scotia related to its reproductive and behavioral responses to 
human disturbance. Journal of Field Ornithology 59:321-330.
Gotmark, F. 1992. The effects of investigator disturbance on nesting birds. In Current 
Ornithology, ed., D M. Power, 63-104, vol. 9. New York: Plenum Press.
Hailman, J. P. 1967. The ontogeny of an instinct. Behaviour (Suppl.) 15:1-159.
Hamr, J. 1988. Disturbance behaviour of chamois in an alpine tourist area of Austria. Mountain 
Research and Development 8:65-73.
Hicks, L. L. and J. M. Elder. 1979. Human disturbance of Sierra Nevada bighorn sheep. Journal 
of Wildlife Management. 43:909-915.
Hohman, W.L. and D P. Rave. 1990. Diurnal time-activity budgets of wintering canvasbacks in 
Louisiana. Wilson Bulletin 102:645-654.
Holmes, T. L., R. L. Knight, L. Stegall, and G. R. Craig. 1993. Responses of wintering 
grassland raptors to human disturbance. Wildlife Society Bulletin 21.461-468.
Johnson, T. H. 1988. Responses of breeding peregrine falcons to human stimuli. Pages 301-305 
in Glinski et al., eds., Proceedings of the Southwest Raptor Management Symposium and 
Workshop. National Wildlife Federation, Washington D. C.
Kenny, S. A., and R. L. Knight. 1992. Flight distances of black-billed magpies in different 
regimes of human density and persecution. Condor 94:545-547.
Klein, M. L. 1993. Waterbird behavioral responses to human disturbances. Wildlife Society 
Bulletin 21:31-39.
Knight, R. L. 1984. Responses of nesting ravens to people in areas of different human densities 
Condor 86:345-346.
10
Knight, R. L., and D. N. Cole. 1995. Wildlife responses to recreationists. Pages 51-69 in
Wildlife and recreationists: coexistence through research and management. R. L Knight 
and K. Gutzwiller eds. Island Press, Covelo, California. 384pp.
Knight, R. L. and S. A. Temple. 1986. Methodological problems in studies of avian nest 
defence. Animal Behaviour 34:561-566.
Knight, R. L., and S. A. Temple. 1995. Wildlife and recreationists: Coexistence through
management.. Pages 327-334 in Wildlife and recreationists: coexistence through research 
and management. R. L. Knight and K. Gutzwiller eds. Island Press, Covelo, California 
384pp.
Knight, R. L., D J. Grout, and S. A. Temple. 1987. Nest defense behavior of the American crow 
in urban and rural areas. Condor 89:175-177.
Knight, R. L., D. E. Andersen, M. J. Bechard, and N. V. Marr. 1989. Geographic variation in 
nest-defence behaviour of the red-tailed hawk Buteo jamaicensis. Ibis 131:22-26
Kucera, E. 1976. Deer flushing distance as related to observer’s mode of travel. Wildlife 
Society Bulletin 4:128-129.
Losos, E., J. Hayes, A. Phillips, D. Wilcove, and C. Alkire. 1995. Taxpayer-subsidized resource 
extraction harms species. BioScience 45:446-455.
MacArthur, R. A., V. Geist, and R. H. Johnston. 1982. Cardiac and behavioral responses of 
mountain sheep to human disturbance. Journal of Wildlife Management 46:351-358.
Madsen, J. 1985. Impact of disturbance on field utilization of pink-footed geese in West Jutland, 
Denmark. Biological Conservation 33:53-63.
Mainini B., P. Neuhaus, and P. Ingold. 1993. Behaviour of marmots Marmota marmota under 
the influence of different hiking activities. Biological Conservation 64:161-164.
Melvin, S. M., A. Hecht, and C. R. Griffin. 1994. Piping ;over mortalities caused by off-road 
vehicles on Atlantic coast beaches. Wildlife Society Bulletin 22:409-414.
Miller, S . G., R. L. Knight, and C. K. Miller. 1998. Influence of recreational trails on breeding 
bird communities. Ecological Applications 8:162-169.
Miller, S. G., R. L. Knight, and C. K. Miller. In Review. Wildlife responses to pedestrians and 
dogs. Submitted to Journal of Wildlife Management.
11
Neumann, P. W. and H. G. Merriam. 1972. Ecological effects of snowmobiles. Canadian Field- 
Naturalist 86:207-121.
Newton, I. 1979. Population Ecology of Raptors. Vermillion, South Dakota: Buteo Books 
399 pp.
Poole, A. 1981. The effects of human disturbance on osprey reproductive success. Colonial 
Waterbirds 4:20-27.
Richens, V. B. and G. R. Lavigne. 1978. Response of white-tailed deer to snowmobile trails in 
Maine. Canadian field-Naturalist. 92:334-344.
Schmid, W. D. 1972. Snowmobile activity, subnivean microclimate and winter mortality of small 
mammals. Bulletin of the Ecological Society of America 53:37. (Abstract only)
Singer, F. J. and J. B. Beattie. 1986. The controlled traffic system and associated wildlife 
responses in Denali National Park. Arctic 39:195-203.
Singer, F. J. and S. P. Bratton. 1980. Black bear/human conflicts in the Great Smoky Mountains 
National Park. In Bears— Their Biology and Management, eds., C. J. Martink and K L 
McArthur, 137-139. IUCN Publ. New Ser. 40.
Skagen, S. K., R. L. Knight, and G. H. Orians. 1991. Human disturbance of an avian scavenging 
guild. Ecological Applications 1:215-225.
Swenson, J. E. 1979. Factors affecting status and reproduction of ospreys in Yellowstone 
National Park. Journal of Wildlife Management 43:595-601.
Thornburg, D.D. 1973. Diving duck movements on Keokuk Pool, Mississippi River. Journal of 
Wildlife Management 37:382-389.
Tomback, D. F. and C. L. Taylor. 1986. Tourist impact on Clark’s nutcracker foraging activities 
in Rocky Mountain National Park. In Proceedings of the Fourth Triennial Conference on 
Research in the National Parks and Equivalent Reserves, ed. F. J. Singer, 158-172 Fort 
Collins, Colorado: Colorado State University.
van der Zande, A N. and P. Vos. 1984. Impact of a semi-experimental increase in recreation
intensity on the densities of birds in groves and hedges on a lake shore in the Netherlands 
Biological Conservation 30:237-259.
van der Zande, AN., J C. Berkhuizen, H.C. van Latesteijn, W.J. ter Keurs, and A.J. Poppelaars 
1984. Impact of outdoor recreation on the density of a number of breeding bird species in 
woods adjacent to urban residential areas. Biological Conservation 30:1-39.
12
Yarmoloy, C., M. Bayer, and V. Geist. 1988. Behavior responses and reproduction of mule 
deer, Odocoileus hemionus, does following experimental harassment with an All-terrain 
vehicle. Canadian Field-Naturalist 102.425-429.
13
